Proximal claudication remains a difficult diagnosis. The ankle to brachial index may be insensitive in the case of isolated hypogastric lesions. Penile pressure represents an alternative method for proximal arteries. Surprisingly, the accuracy of penile pressure measurement in detecting lesions on the arteries supplying pelvic circulation in patients suffering claudication has rarely been studied. We aimed to evaluate the diagnostic accuracy of the penile brachial index < 0.60 (penile over brachial systolic pressure ratio) to non-invasively investigate arteriographic lesions on arteries supplying the hypogastric circulation in 88 male patients referred for Fontaine stage II. The receiver operating characteristic (ROC) curve was used to define the diagnostic performance of the penile brachial index and search for a specific cut-off point in this population. Accuracy was 69.3% (95% confidence interval: 58.6-78.7) for the detection of an arterial stenosis or occlusion on at least one side. The penile brachial index ≤ 0.45 was 74% sensitive and 68% specific to discriminate the 19 patients with bilateral arterial occlusion from the other 66 patients. In conclusion, the penile brachial index is relatively insensitive for the detection of proximal abnormal blood flow impairment except in the case of bilateral occlusion of arteries supplying the hypogastric circulation in patients with claudication. A normal penile pressure is probably not efficient enough to rule out the presence of lesions on the arteries towards the hypogastric circulation in patients with arterial claudication.
Introduction
The recent use of claudication questionnaires, 1, 2 including proximal localizations (lower back, buttock, hip) of pain and the development of endovascular interventions at the iliac level, have increased the number of observations of isolated proximal claudication. The hypogastric arteries are often difficult to analyze during ultrasound investigations due to gaseous interposition or obesity.
The other most widely used non-invasive functional investigation of peripheral artery disease (PAD) is lower limb arterial pressure measurement. The measurement can be performed at different levels of the arterial tree: thigh, calf, ankle and toe. Values are generally expressed as pressure indices defined as the ratio of limb systolic to brachial systolic pressure value. The ankle to brachial index (ABI) is used to estimate the hemodynamic consequences of arterial lesions in the lower limbs. 3, 4 Nevertheless, ABI is not accurate enough to estimate the blood flow supply towards the pelvic circulation. The ABI may even be abnormal despite normal pelvic blood flow supply if distal arteries are occluded. Inversely, ABI will remain in the normal range in the case of an isolated lesion of the hypogastric artery.
The measurement of arterial pressure at the penile level appears preferable to ABI to detect lesions on arteries supplying the hypogastric circulation, but it is rarely used in routine investigations.
Owing to the limitations with ABI and ultrasound, in most reported cases of isolated proximal claudication, diagnosis of the arterial origin of pain was only confirmed through invasive arterial imaging, although imaging cannot be proposed as a primary diagnostic tool.
The measurement of penile pressure and calculation of the penile brachial index (PBI) is used to diagnose subjects with impotence of potential vascular origin in the general population. Surprisingly enough, the accuracy of penile pressure measurement in detecting lesions on the arteries supplying pelvic circulation in patients suffering claudication has rarely been studied. One possible reason may be that, as for toe pressure, recording of penile pressure is technically more challenging than ABI and may be difficult in the lower-pressure ranges. 5 The cut-off point used as a normal limit for penile pressure is usually defined arbitrarily as the same one used in the general population for impotence.
We aimed to compare the PBI (penile pressure over systolic brachial pressure ratio) to 'gold standard' arteriography in patients with claudication. The purpose was not to study impotence, but to define whether the limits for PBI used for impotence in the general population are accurate in detecting angiographically proved lesions on the arteries supplying the hypogastric vascular bed in patients complaining of claudication. Our secondary goal was to search for the optimal cut-off point to be used in this population.
Methods

Population
A prospective analysis was undertaken on consecutive male patients referred to the department for stable Fontaine stage II claudication and who previously had undergone, or were scheduled to have, an arteriogram within 3 months of their visit to our department. Although few patients reported impotence, the primary indication for the visit was claudication. A high proportion of patients reported either proximal (n = 36) or proximo-distal (n = 27) claudication as a result of the specific interest of our laboratory for proximal claudication. Twenty-five patients reported distal claudication. Patients undergoing any surgical or endovascular procedure between penile pressure measurements and arteriography were excluded from the study.
The study was performed as a part of the EOIP (Evaluation objective des ischémies proximales) study. The EOIP study is registered in the American National Institute of Health database under reference NCT-00152737.
Methods
All patients underwent a penile and arm pressure measurement at rest. Results for ABI measurements at rest were obtained from the patients' files and not specifically measured for this study since it was not the parameter to be analyzed.
As a routine for each patient visit, we used a standard questionnaire requesting information concerning previous vascular interventions for cardiac or PAD. Age, weight, height, sex, diabetes, usual treatments and self-reported maximal walking distance were noted during the history.
Arterial imaging
Arterial imaging consisted of digitized diagnostic arteriograms. All arteriograms were performed by catheterization through a femoral artery via the Seldinger technique using 4-French pigtail catheters. All arteriograms included at least a frontal view centered on the lower aorta, a left oblique anterior view and a right oblique anterior view for the analysis of internal iliac trunks.
Arteriograms were analyzed blinded to the results of penile pressure measurements. On each side, arteries towards the hypogastric circulation were divided into the following segments: the aorta, the ipsilateral common iliac artery, and the ipsilateral internal iliac artery to its first major branch of division. On each side, arterial imaging was evaluated for the presence of an occlusion or a diameter stenosis (≥ 75% diameter reduction) of at least one of the pre-defined segments. In all distal end-to-side aorto-bi-femoral patent bypasses, the perfusion was sometimes retrograde through the external iliac arteries towards the hypogastric system. Then, in these patients, the external iliac artery was used for the analysis instead of the common iliac artery. Diameter measurements were made using the advantage Workstation 4.1-6 (General Electric, Buc/Yvette, France). For each arterial segment, the maximal and minimal arterial external diameters of each studied segment were measured as the number of pixels, and diameter stenosis was calculated as the ratio maximal-minus-minimal diameter to maximal diameter. If an artery was completely occluded its minimal diameter was noted as 0 mm. Variability of diameter measurement within the study between two observers was previously reported to be lower than 10%. 6 Pressure measurements After a 20-minute resting period, patients were installed recumbent in a room with a temperature of 21 ± 2°C. Systolic pressure at both arms was measured with automated devices (Dynamap1846; Johnson & Johnson, USA). Systolic perfusion pressure at the penile level was measured using disposable pediatric cuffs (M1870A; Philips, France) connected to an electronic pressure device (Monitor 120; Roche, UK) and a laser Doppler flowmeter (PF 5000; Perimed, Sweden). Data were recorded on a computer via an analogue output to digital converter (Biopac System, Inc., California, USA) with a sample rate of 3 Hz. Once the laser Doppler was fixed to the skin, the pediatric cuff was inflated to supra-systolic systemic pressure and slowly deflated by approximately 3 mmHg/second. The reappearance of the laser Doppler signal was used to determine penile perfusion pressure (in mmHg). The laser Doppler flowmetry (LDF) technique is widely used at the toe level to measure perfusion pressure. Laser Doppler flowmetry is used routinely for toe pressure measurements and is advantageous compared to the manual Doppler recordings in case of low-pressure values. This technique greatly facilitates toe pressure recordings and results are highly correlated to the conventional strain-gauge technique. 7 The PBI was calculated as the ratio of penile perfusion pressure (PPP) to the highest brachial systolic pressure. The test was repeated three times and the recorded value was the mean of the three measurements. This procedure lasted for approximately 4-5 minutes. Results from arterial imaging were not made known at the time of pressure measurement. Penile pressure was reported impossible if the cuff could not be positioned as a result of major obesity, in the presence of a penile prosthesis, or if no signal reappearance could be found on the recordings.
Analysis of the results
Four different classifications of the arteriograms were tested. Arteriograms were considered positive: for unilateral or bilateral stenosis or occlusion, for bilateral stenosis or occlusion, for unilateral or bilateral occlusion only, or for bilateral occlusion only.
We first used PBI = 0.60 as a cut-off value according to the value used in detecting an arterial origin of impotence in both the general 8 and the vascular 9 population. Impossible recordings were considered negative: non-contributive for the presence of arterial lesions. The risk/chance of a positive arteriogram according to the results of penile pressure and PBI were analyzed with Yates-corrected chisquared tests and expressed as relative risk (RR; Taylor series 95% confidence interval) for the four different angiographic classifications. Sensitivity, specificity and accuracy are presented by 95% confidence intervals 10 and differences between tests studied with the MacNemar test (SPSS V12.0F; SPSS Inc.).
A second analysis was performed with the receiver operating characteristics (ROC) curve approach described by Hanley and McNeil 11 to determine the specific cut-off points issued from penile pressure recordings on available data, for either absolute penile pressure or PBI. This technique is based on calculating the sensitivity and specificity of a test for each value of the studied variable in the diagnosis of a disease. This approach has two advantages. First, it enables the objective determination of the performance of a test through the calculation of the area under the sensitivity/specificity relationship curve. Areas under ROC curves were tested against the null hypothesis of an area of 0.50 (SPSS V12.0F; SPSS Inc). A perfect test would provide an area of 1.00, whereas an area of 0.50 would be the result of a random choice. Second, ROC-curve analysis allows for the objective determination of the cut-off point to be proposed for clinical use. The value of the variable resulting in the lowest distance to this angle is considered to be the best compromise of sensitivity and specificity for an arbitrarily defined equal 'cost' of false positive or false negative tests. Using this cut-off point we calculated the optimal sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of the parameter studied for each of the four angiographic classifications.
We estimated that at least 80% of patients with a positive test would have a stenosis or occlusion of one or both pathways to the hypogastric vascular bed and that 40% of patients with normal tests would have a stenosis or occlusion of one or both pathways to the hypogastric vascular bed (RR for a positive angiogram in case of a positive test ≥ 2) and that the test would be positive in 75% of the studied patients.
The minimal number of subjects to be included to reach significance with 5% risk and 85% power was 80. Results are expressed as mean ± SD. For all statistical tests, a two-tailed probability level of p < 0.05 was used to indicate statistical significance.
Results
Population studied
The patients included were 88 males (among which seven were diabetics), 170 ± 7 cm in height, weighing 74 ± 13 kg and aged 58 ± 9 years old. Humeral pressure was 142 ± 21 mmHg on the right side and 141 ± 23 mmHg on the left side. Minimal ABI at rest was 0.68 ± 0.30 and contra-lateral ABI was 0.86 ± 0.27. Thirty-eight of the patients had undergone peripheral vascular surgery and eight coronary bypasses in the past. Their self-reported maximal walking distance was 279 ± 285 m. Of the 88 patients, 73 were being treated with anti-platelet drugs, eight with vitamin K inhibitors, 42 received HMG-CoA-reductase inhibitors and 37 received conversion enzyme inhibitors. No patient was receiving sildenafil.
Arterial imaging
The distribution of the degree of arterial reduction observed in the 88 patients is presented in Figure 1 . Imaging revealed 26 stenoses and 26 occlusions on the right side and 25 stenoses and 31 occlusions on the left side, resulting in 24 patients showing no significant lesions on the arteries toward the hypogastric vascular bed, 20 patients having unilateral stenosis or occlusion and 44 having bilateral stenosis or occlusion of the aorta common or internal iliac arteries. Thus, according to the different classifications defining angiographic positivity, the number of positive tests was 64 when a positive arteriography was defined as a unilateral or bilateral stenosis or occlusion, 44 when a positive arteriography was defined as a bilateral stenosis or occlusion, 37 when a positive arteriography was defined as a unilateral or bilateral occlusion, and 20 when a positive arteriography was defined as a bilateral occlusion.
Penile pressure
Penile pressure was measurable in 85 of the 88 patients. The three missing values were because of major obesity, LDF signal instability, and the presence of a penile prosthesis. In the 85 measured patients, penile pressure was 72 ± 27 mmHg. The resulting average PBI was 0.50 ± 0.18. Thus, the PBI was lower or equal to 0.60 in 65 patients and either normal (n = 20) or not measurable (n = 3) in 23 patients. The average values for PBI are presented in Table 1 according to the presence of stenosis or occlusions seen in arteriography. Table 2 summarizes the results of PBI for the prediction of underlying arterial lesions according to the definition for arterial positive imaging. In brief, the positive and negative predictive values were: 78.5% and 43.5% for unilateral or bilateral stenosis or occlusion, 49.3% and 47.8% for bilateral stenosis or occlusion, 41.5% and 56.5% for unilateral or bilateral occlusion, and 26.1% and 87.0% for bilateral occlusion only. Thus, the 0.60 limit was unable to discriminate normal from abnormal angiographic results, whatever the classification used to define a positive angiography.
Using the ROC curve analysis in the 85 patients with measurable penile pressure values, as shown in Table 3 , the only area significantly different from the random choice was for the detection of bilateral occlusions with the PBI. The optimal cut-off point defined from the ROC curve analysis was a PBI lower than or equal to 0.45, providing 74% sensitivity and 68% specificity to discriminate the 19 patients with bilateral arterial occlusion from the other 66 patients (Figure 2 ). The other cut-off points (e.g. those to be used for the absolute value of penile pressure or to search for unilateral occlusion) have not been calculated since the area for the ROC curve was not statistically different from the area that would result from a random choice.
Discussion
Evaluation of the pelvic circulation remains difficult with ultrasound imaging, especially in obese patients or in the case of gaseous interposition. Penile pressure measurement appears as the most 'intuitive' technique for the study of the hemodynamic consequences of aorto-iliac lesions, but it can hardly be used routinely. This could explain why epidemiological studies analyzing the concordance of non-calf claudication to arterial pressure changes, 3 or studies of the effect of iliac angioplasty 4 have used the ABI, but this is probably not the best technique for the detection of proximal lower limb arterial disease or Figure 1 Distribution of the maximal percentage of diameter reduction observed in the 176 studied pathways. A 100% stenosis is an occlusion of the pathway. for the effect of treatment at the proximal level.
Upper thigh pressure index with large cuffs could be proposed to study only proximal arteries. It was shown to correlate well with intra-arterial femoral pressure. 12 It seems as sensitive as ABI for the detection of pressure improvement after aorto-femoral reconstruction in patients with multilevel disease (i.e. aorto-iliac and femoro-popliteal occlusive disease). 13 Nevertheless, while Baur et al. found an 89% accuracy in the detection of iliac stenosis when used together with Doppler waveform analysis, 14 other authors have reported a much lower accuracy. 15 It has been suggested that pressure measurements above the ankle may be neither cost effective, nor have clinical interest. 16 Contrary to thigh pressure, femoral lesions should not influence penile pressure measurement. The penile to brachial pressure index has been used largely for the detection of the vascular origin of impotence although the cut-off points used range from 0.60 8 to 0.91. 17 During acute occlusion of arteries supplying the hypogastric territory, the pressure decrease is more pronounced with bilateral than with unilateral occlusion, both with non-invasive (penile pressure) techniques 18, 19 and with invasive (hypogastric artery stump pressure) techniques. 20 Furthermore, the penile pressure index is significantly lower when the lesions are located on the main (aorto-iliac) rather than on distal (internal pudendal) arteries, 21, 22 although this appears contradictory to the observation of a significantly higher incidence of symptoms of pelvic ischemia with more distal placement of coils for hypogastric artery embolization. 23 The differences shown between these studies are likely to be as a result of the time lapse between the occlusion and the measurement and development of the collateral circulation. 24 Collateral circulation development is also the underlying mechanism of clinical improvement of hip/buttock claudication observed in the first 6 months following bilateral hypogastric artery embolization, 25 whereas severe colonic and spinal ischemia are associated with high morbidity and mortality early on after endovascular abdominal aortic aneurysm repair. 26 The pelvic circulation is a complex network and many pathways may participate in the blood flow supply in the case of hypogastric chronic occlusion. 6 It is likely that penile pressure is maintained within normal ranges if one hypogastric artery is chronically occluded and that pressure falls only when lesions are present bilaterally, whereas unilateral acute occlusion might be detected better. This is probably why previous studies have shown a significant difference in penile to brachial pressure index between normal arteriograms and bilateral, but not unilateral, lesions. 21 This might also explain why an important overlap exists in impotent patients with normal versus abnormal angiography. 27 The present study using the ROC curve analysis shows that PBI cannot differentiate patients with unilateral lesions from normal subjects in the chronic setting of occlusion. This latter observation seems consistent with previous results.
In addition to the complex arterial anatomy and numerous potential anastomoses, technical problems may interfere with measurements, thereby increasing the intra-and inter-observer variability of penile pressure determination. 28 As underlined by Doyle and Yu, Doppler penilepressure determinations 'require an experienced technician, can be time-consuming, yield inconsistent results and require much penile manipulation'. 5 Using laser Doppler flowmetry in the present study facilitates the measurements and decreases the time required for the determination from 20 minutes to only 4 minutes, as strain-gauge plethysmography did in previous studies. 5 Nevertheless, it no longer enables the measurement of pressure in the dorsal and cavernous penile arteries, but these differential measurements are rarely used in clinical routine. Whether the results reported here could be comparable if penile pressures were to be obtained by Doppler detection of cavernous penial arteries remains to be studied.
Another limitation of this study relies on the choice of the arteries used to define positive arteriograms. Since only proximal trunks were studied, it cannot be excluded that the relative inaccuracy observed results from a high rate of apparently false positive penile pressure values due to distal lesions on gluteal and pudendal arteries. Nevertheless, as previously underlined, penile pressures seem more sensitive to proximal than distal lesions 21, 22 and a precise analysis of distal arteries would have required specific late timing for the arteriography at the pelvic level which is not done in routine investigations.
The choice of 75% as a limit for arterial stenosis could also be criticized. We have used a 50% stenosis limit (results not shown) and this has resulted in a comparable inaccuracy.
Finally, it cannot be excluded that some patients' conditions may have improved or been aggravated in the months between penile pressure measurement and arterial imaging. The fact that we studied only patients with stable claudication was aimed to limit such a possibility, although it does not exclude it.
As a conclusion, the normal limit used for PBI for impotence in the general population is not accurate enough to detect the presence of lesions on arteries supplying the hypogastric vascular bed in vascular patients with claudication. Further, the ROC curve analysis shows that penile pressure measurements performed at rest are relatively insensitive for the detection of chronic proximal arterial lesions in patients with arterial claudication.
Exercise-related changes in penile pressure have been shown to improve the accuracy of penile pressure measurements in the detection of proximal ischemia. 29 It cannot be excluded that postexercise PBI could demonstrate a good correlation with arteriography in patients with claudication. This could be tested in future experiments, but remains difficult for clinical routine. The low sensitivity of resting values does not mean that penile pressure measurements are unreliable, since very low PBI provided a good positive predictive value for bilateral occlusion. It is possible that penile pressure or PBI at rest could be done as an easy first approach in selecting patients suffering unexplained proximal claudication. Then patients with vasculartype proximal claudication, but with a normal ankle and penile pressure, might be better referred to laboratories using one of the other techniques that have been proposed to study the blood flow supply to the pelvic circulation, such as in near infra-red spectroscopy, 30 ,31 whole body scintigraphy 32 or transcutaneous oxygen pressure. 33 As a general rule, if ultrasound imaging is not conclusive for a diagnosis, we suggest that a normal penile pressure or normal PBI should not exclude the presence of vascular lesions on the arteries supplying the hypogastric vascular bed (and, by extension, should not exclude a vascular origin of unexplained proximal exercise-induced pain).
